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Te Tasmanian Wilderness World Heritage Area has ecosystems and cultural landscapes that have been created and/or infuenced by the 
interactions between the physical environment, the biological environment, fre regimes and people. Lightning is the dominant cause of 
fre in the 2010s, yet was rarely recorded as a cause of fre before 1980, when arsonists caused most fres. Te main potential impact of 
this change in primary cause of fre incidence on the values of the Tasmanian Wilderness World Heritage Area is the loss of ecosystems 
dominated by highly fre-sensitive palaeoendemics, organosols and Aboriginal cultural landscapes. At the same time as these values are 
threatened, a lack of burning threatens some fre-dependent vegetation types. We suggest an increase in planned burning of fre-tolerant 
and fre-requiring vegetation, maintenance of ignition suppression, an improvement in rapid response capability and an improvement in 
rapid detection of lightning fres is required in order to maintain many world heritage values. 
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INTRODUCTION 
Te Tasmanian Wilderness World Heritage Area (TWWHA),
managed by the Parks and Wildlife Service, has been listed 
by UNESCO for its globally signifcant natural and cultural 
values (Australian Government 2016). Te TWWHA is 
home to globally signifcant biodiversity and geodiversity, 
contains areas of globally signifcant Aboriginal cultural 
heritage as well as encompassing areas of great natural beauty
(TWWHA Management Plan 2016). Te globally signifcant
palaeoendemic plants of the TWWHA are concentrated in 
places where fre has been rare or absent (Jordan et al. 2016). 
In contrast, about a quarter of the TWWHA’s vegetation 
is moorland, typically on nutrient-poor soils, which is 
dependent on frequent fre in order to maintain its species 
and structural diversity (Balmer & Storey 2010). Interactions
between fre, vegetation and topography have moulded the 
spatial patterns of most of the globally signifcant ecosystems
of the TWWHA (Jackson 1968). 
Fire has been part of the landscape and ecology of the 
TWWHA for many millennia. People have used fre for 
management in the region for at least 35 000 years (Kee et 
al. 1993, Cosgrove 1995, Allen 1996, Bowdler 2010) and, at
most, 70 000 years (Jackson 1999). Aboriginal people were 
likely to have deliberately burned buttongrass moorlands 
and grasslands. Infrequent fres in scrub and eucalypt forest 
and the very few fres that occurred in rainforest, subalpine 
and alpine areas were likely to have been the results of 
natural ignition and/or escapes (Marsden-Smedley 1998, 
Johnson & Marsden-Smedley 2002, Marsden-Smedley & 
Kirkpatrick 2000). Te available evidence suggests that 
while most fres prior to the British invasion of Tasmania 
were probably small- to medium-sized (< 1000 ha), large 
of approximately once in 250 years (J. Marsden-Smedley 
unpublished data). 
Following the forced removal of Aboriginal people
from the region, the fre regime changed to a pattern of 
fewer small-scale fres and more frequent extensive fres. 
During the 1930s, two extensive fres burned much of 
the TWWHA, but since 1939 no extensive fres in the 
TWWHA have occurred (Marsden-Smedley 1998, Johnson
& Marsden-Smedley 2002), although there have been a 
few medium-sized fres such as the ecologically devastating 
1960/61 Central Plateau fre and the large but ecologically 
benign 2012/13 Giblin River fre (Parks and Wildlife
Service unpublished fre history database). 
Te cause of fres in the TWWHA has changed over 
the decades from predominately human-ignited to
predominately lightning-ignited. Before 1980, Bowman 
& Jackson (1981) estimated that lightning fres were only 
responsible for about 0.1% of fres and about 0.01% of 
the area burned. Since circa 2000, lightning has become 
the main ignition source of fres in the TWWHA (Parks 
and Wildlife Service unpublished fre history database, 
fgs 1, 2). An increase in lightning ignitions has also been 
recorded in the alpine mountains of mainland Australia 
as well as globally (Zylstra 2018). 
Te increase in lightning-ignited fres could result in 
the return to extensive fres, such as those seen in the 
1890s and 1930s. Lightning fres pose a particular threat 
to the TWWHA as they are more likely than human-
ignited fres to occur in remote areas, making suppression 
more difcult (Flannigan & Wotton 1991). In addition, 
lightning storms often result in numerous ignitions across 
the landscape, overwhelming the suppressive capacity of 
the fre management agencies (Flannigan et al. 2009). 
fres did burn parts of the present TWWHA, at a frequency
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FIG. 1 — Number of fires each fire season, 1980/81–2015/16. 
FIG. 2 — Area burned in each fire season, 1980/81–2015/16. 
In the present paper, we review the potential impact 
of increased lightning fres on world heritage and other 
natural values in the TWWHA, and discuss management 
approaches to mitigate this threat. 
POTENTIAL IMPACTS OF CHANGES IN 
LIGHTNING FIRE ON NATURAL VALUES 
Te major adverse impacts predicted from increases in fres 
are on the Gondwanan rainforest and alpine communities 
(particularly those containing endemic coniferous and/or 
deciduous species) from which fre has been long absent 
(Jordan et al. 2016). Te main species of concern are the native
conifers, King Billy Pine (Athrotaxis selaginoides D. Don), 
Pencil Pine (Athrotaxis cupressoides D. Don), Huon Pine 
(Lagarostrobos franklinii (Hook.f.) Quinn), Diselma (Diselma
archeri Hook.f.), and the dwarf pines Microcachrys tetragona
(Hook.) Hook.f. and Pherosphaera hookeriana W. Archer, 
along with Deciduous Beech (Nothofagus gunnii (Hook.f.) 
Oerst). Tese clades have no capacity to vegetatively recover 
when foliage is fully burned, do not store disseminules in 
their canopies or soil, and mostly have poor seed dispersal. 
Tis means that if burned by even a single fre, these species 
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are typically rendered locally extinct for extended time 
periods (e.g., in excess of 500 to 1000 years; Kirkpatrick & 
Dickinson 1984, Brown 1988, Peterson 1990; Robertson 
& Duncan 1991, Kirkpatrick et al. 2010). 
Of secondary concern are adverse fre impacts to organo-
sols, Sphagnum peatlands, and eucalypt forests. Organosols 
and peatlands have the potential to be degraded by fre, 
especially if fres occur under conditions when their peat 
soils are dry enough to sustain subterranean burning; in 
some cases for periods of weeks or months after the initial 
ignition. Fires will also degrade (Hill 1982, Hill & Read 
1984, Read 2005) and potentially eliminate (di Folco & 
Kirkpatrick 2013) rainforests. In addition, very frequent 
fres have the potential to destroy eucalypt forests, especially
where the eucalypts rely on seed regeneration (Bowman 
et al. 2014). 
Te organic soils of the TWWHA are continuous over 
oligotrophic parts of the landscape, ranging from typically 
shallow (i.e., 0.1–0.3 metres depth) black muck peats 
under moorland to red mor organosols under rainforest 
(di Folco 2007). Te moorland organic soils most at risk 
from climate change and lightning fres are those with high 
organic contents, which most commonly occur in gullies 
and fat sites (di Folco 2007). Under previous climatic 
conditions, these organosols would have been protected 
from burning by having high moisture contents, but if the 
predicted increased dryness resulting from climate change 
occurs (Department of Premier and Cabinet 2012) then 
they will have the potential to be degraded by large-scale 
peat fres. Te diverse alpine organic soils (Kirkpatrick et 
al. 2014) can be truncated by fre. Teir recovery takes 
decades to centuries (Kirkpatrick & Dickinson 1984,
Bridle & Kirkpatrick 1997). In wet scrub communities, 
the accumulation of organic material in the duf and fbric 
layers of the soil can be rapid with tens of centimetres 
accumulating within 60 years (di Folco & Kirkpatrick 
2013). However, there may be catastrophic losses of these 
duf and fbric layers during and immediately following 
fres due to their highly fammable nature and subsequent 
erosion through aeolian and fuvial processes on exposed 
surfaces. 
Te Eucalyptus regnans F. Muell. tall eucalypt forests are 
the globally outstanding example of the hot fre paradox, 
eliminated if there are two hot fres within a 10–30 year 
time period (Ashton 1976, Balmer et al. 2004) or if the 
interval between fres exceeds the circa 500 year eucalypt 
lifespan (Wood et al. 2010). Most of these forest types in 
the TWWHA are dominated by mature and/or old growth 
eucalypts, although there are also many forests with a range 
of tree ages, the product of incomplete mortality following 
lower intensity ground fres (Turner et al. 2009). If there 
are closely repeated landscape-scale catastrophic fres, such 
as those in 1898 and 1934 in Tasmania, the remaining 
E. regnans forests might meet the fate of some of the E. 
delegatensis R.T. Baker ssp. delegatensis forests in Victoria 
on the mainland of Australia, where there are extensive 
areas in which the eucalypts have become locally extinct 
following very extensive fres in 2003, 2007 and 2009 
(Bowman et al. 2014). 
Almost all of the TWWHA which is below the climatic 
treeline is climatically capable of supporting rainforest, 
even extremely poorly-drained sites (Kirkpatrick 1977, 
1984). In the absence of fre, tree and shrub species that 
require large gaps or disturbed ground for regeneration 
would be confned to river banks, places where landslips 
were frequent (Cullen 1991) and rocky subalpine areas 
(Kirkpatrick & Balmer 1991). Tus, fre is important in 
allowing the persistence of many species and communities 
in the TWWHA. Values that could be lost with a reduction
in fre include Aboriginal cultural landscapes, along with 
the main fre-dependent vegetation formations of eucalypt 
forest, wet scrub, grassland and buttongrass moorland
(Jackson 1968). 
Despite the general undesirability of fre in the alpine 
zone, some alpine daisy shrubs, which are wind-dispersed 
and short-lived, can become highly abundant after fre, 
dying out after approximately half a century (Kirkpatrick 
et al. 2002). In long unburned areas they are only able to 
persist in areas where fuvial erosion provides a constant 
regeneration niche. Additionally, fre may be construed 
to have positive conservation efects on cushion plants in 
the alpine and subalpine parts of the TWWHA, in places 
where rushes, sedges and shrubs overwhelm cushion plants 
(Harding & Kirkpatrick 2018). Where all the species in 
the cushion mosaic are able to recover rapidly after a fre, 
in contrast to the invading shrubs, fre may have a positive 
conservation efect on TWWHA values. However, in the 
central and western mountains, the frequent presence of 
the fre-sensitive cushion plant Dracophyllum minimum F. 
Muell. (Kirkpatrick & Dickinson 1984) in the mosaics 
makes fre undesirable. 
Te buttongrass (Gymnoschoenus sphaerocephalus Hook.f.)
moorlands are a globally distinct ecosystem of high universal
value (Balmer et al. 2004), characterised by fammability 
at globally high moisture levels (Marsden-Smedley &
Catchpole 1995) and being able to survive at globally low 
phosphorus contents (Jackson 1977). Depending on their 
topographic position and geologic fertility, an absence of 
fre for 20–100 years will see the species-rich moorland 
become species-poor wet scrub and eventually rainforest 
after 250–500 years (Jarman et al. 1988). Te invertebrate 
fauna of the moorland, some of which (such as Allanaspides) 
are ancient, rapidly recover from fre (Driessen et al. 2013, 
Driessen & Kirkpatrick 2017), although Acarina might be 
an exception (Green 2010). Moorland is critical habitat for 
two rare parrots, which prefer recently burned (i.e., Orange-
bellied Parrots Neophema chrysogaster Latham, 1790) or less
recently burned (i.e., Ground Parrots Pezoporus wallicus
(Kerr, 1792)) moorlands (Driessen 2010). 
Finally, a fre frequency which eliminates or reduces shrubs
whilst promoting more highly palatable grasses and forbs 
will beneft world heritage values by maintaining enhanced 
numbers of native herbivores which will in turn support 
enhanced numbers of marsupial carnivores (Kirkpatrick et 
al. 2011, Styger et al. 2011). 
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MANAGEMENT RESPONSES 
Te consequences of changing patterns of ignitions on 
TWWHA values depend upon the rapidity of the fre 
suppression response, with suppression only possible during 
a brief temporal window post-ignition, after which eforts 
can only be concentrated on containment. 
If the drier summers that are predicted to occur in 
western Tasmania with climate change (Department of 
Premier and Cabinet 2012, Love et al. 2016) occur, and are 
associated with a continuation of dry lightning ignitions, 
then the probability of rainforest burning will probably 
be greater than has been the case in the past. However, if 
an increased frequency of ignition occurs when rainforest 
soils are wet, therefore burning only moorland, the burned 
moorland could provide a barrier to the movement of fre 
into rainforest, lowering the probability of rainforest loss. 
Planned aerial ignition of large areas of moorland when 
the rainforest is too moist to burn will achieve the same 
outcome (Marsden-Smedley & Kirkpatrick 2000, King 
2004, King et al. 2006). Rainforests are highly unlikely 
to sustain burning if there has been more than 50 mm 
of precipitation in the previous month, irrespective of 
the daily fre danger rating (Styger & Kirkpatrick 2015). 
Te very large increase in lightning fres in the past 45 
years (Parks and Wildlife Service unpublished fre history 
database), in association with predicted increases in
vegetation and soil dryness resulting from climate change, 
indicates that the option of relying on inherent ecosystem 
resilience is highly unlikely to result in the maintenance 
of TWWHA values. Te most probable outcome of such 
a regime of benign neglect (Brown 1996) is high-level 
adverse impacts on many of the world heritage listed
values of the region. 
A better option for the management of the TWWHA is 
the implementation of a comprehensive regime of planned 
burning in fre-dependent vegetation types, in association 
with active fre suppression in fre-sensitive vegetation types.
Tis strategy ofers the highest probabilities of achieving 
the TWWHA’s management goals (King et al. 2006, 2008, 
2013, Department of Primary Industries, Parks, Water and 
Environment 2015, Bentley & Penman 2017). Systems for 
performing such a fre management regime have already 
been published and operationally tested (Marsden-Smedley
2009), but have not been implemented in a political context
in which protection of built property has been the main 
goal in planned burning programs for the State as a whole. 
Suppression activities should take place as soon as practical
after an ignition occurs, when the fre is still small, as this 
will optimise chances for success. To achieve this rapid 
response, additional resources for current remote area
frefghting and improved lightning detection systems for 
the TWWHA will be required. 
CONCLUSION 
Teecosystemsof theTWWHAareahighlycomplexmosaic
of states and a cat’s cradle of potential transitions, mediated 
by the region’s climate, fre regimes and site productivity. Any
change in the incidence and severity of fre is likely to adjust 
the balance of the states, which vary continuously between 
each other, but appear to be distinct because of feedbacks 
between vegetation state and diferences in propensity to burn
(Jackson 1968, Wood & Bowman 2012, Harris et al. 2018). 
Te fre-sensitive palaeoendemics dominate vegetation that 
has a high degree of stability compared to most other states, 
but even this vegetation exhibits directional change at the 
century scale (Kirkpatrick & Bridle 2013). Moorland and 
grassland on moderately fertile to fertile ground are highly 
unstable without repeated disturbance by fre, disappearing 
under shrubs and trees within decades (Balmer & Storey 
2010, Bowman et al. 2013, Wood et al. 2017). Shifts between
vegetation types as a result of a change in fre regimes are 
highly variable in their potential reversibility. Tis variability
relates to the fre adaptations and dispersal capacities of 
the species present in the previous state and the distance of 
the area that has experienced a transition from surviving 
vegetation in the previous state. For example, vegetation 
that has changed from heathland to scrub may return to a 
structural heathland after a fre event, but at the cost of the 
loss of those taxa which do not have a persistent seed store 
or well dispersed seeds (Bargmann & Kirkpatrick 2015). 
In order to protect the formal and informally recognised 
values of the TWWHA from increased lightning fres, active
management is required. We recommend a comprehensive 
planned burning regime (see King et al. 2006) augmented 
with increased remote area fre suppression capabilities 
during the fre season. An improved lightning detection 
system for western Tasmania is also required to identify 
and suppress lightning fres before they grow to a size at 
which they are unable to be contained. 
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